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DQG9|U|VPDUW\HWDO
(DVWHUQ 6ORYDNLD LV SROOXWHG GXH WR YDULRXV DQWKURSRJHQLF DFWLYLWLHV LQFOXGLQJ LQGXVWULDO DFWLYLWLHV PLQLQJ
PHWDOOXUJ\ WUDQVSRUW QHWZRUN KRXVHKROG ZDVWH DQG VOXGJH FRPLQJ IURP XUEDQ DUHDV DV ZHOO DV IHUWLOL]HUV
SHVWLFLGHVLQVHFWLFLGHVZKLFKDUHGLVSHUVHGLQVRLOZDWHUDQGDLU7KHUHIRUHLWLVLPSRUWDQWWRDVVHVVWKHH[WHQWWR
ZKLFK WKH LQGLYLGXDO FRPSRQHQWV RI WKH HQYLURQPHQW LQ HDVWHUQ 6ORYDNLD DUH FRQWDPLQDWHG ;UD\ IOXRUHVFHQFH
VSHFWURPHWU\ LV RIWHQ XVHG DV D VFUHHQLQJ PHWKRG IRU WKH DVVHVVPHQW RI SRWHQWLDO FRQWDPLQDWLRQ WRJHWKHU ZLWK
WKHUPDODQDO\VLV5RFLR5RGULJXH]%DUURVRHWDO7KHWKHUPDODQDO\VLVDPRQJRWKHUWKLQJVLVXVHGPDLQO\WR
VWXG\WKHYDULRXVSKDVHFKDQJHVWKDWRFFXUGXULQJKHDWLQJRIWKHVDPSOHWKDWLQGLFDWHLPSRUWDQWLQIRUPDWLRQDERXW
WKHVWXGLHGPDWHULDOV/RSH]&DSHOHWDO2XUUHVHDUFKZDVIRFXVHGRQGHVFULSWLRQRIWKHSK\VLFRFKHPLFDO
SURSHUWLHVDQGGHWHUPLQDWLRQRIWKHKHDY\PHWDOVFRQFHQWUDWLRQLQWKHVHGLPHQWVFROOHFWHGIURPWKH:DWHUUHVHUYRLU
WKH 5XåtQ 1R  EHFDXVH WKLV UHVHUYRLU LV LQIOXHQFHG E\ IRUPHU PLQLQJ DFWLYLWLHV VXFK DV XUDQLXP RUH GHSRVLW
6PROQtN(DVWHUQ6ORYDNLDâXWULHSND7KHSK\VLFRFKHPLFDOSURSHUWLHVZHUHVWXGLHGLQRUGHUWRILQGWKHZD\
KRZWRGHVFULEHWKHVSHFLILFSXUSRVHEHFDXVHWKHZDWHUUHVHUYRLULVFRYHUHGZLWKODUJHDPRXQWVRIWKHVHVHGLPHQWV
DQGLWLVQHFHVVDU\WRUHPRYHWKHP8SWRWKHPRQLWRULQJRIKHDY\PHWDOVLQVHGLPHQWVIURPWKLVUHVHUYRLUZDV
GHVFULEHGE\%UHKXYHW DO âHVWLQRYi HW DO DQGâHVWLQRYiHW DO 7KHVH DXWKRUV IRXQG WKDW WKH
VHGLPHQWVIURPWKHZDWHUUHVHUYRLU5XåtQ1RDUHFRQWDPLQDWHGPDLQO\E\HOHPHQWV&X$V6E+J
/RFDOL]DWLRQRULJLQDQGIRUPDWLRQRIVHGLPHQWV
7KHZDWHUUHVHUYRLU5XåtQ1R,LQWKHWH[WEHIRUHLVVLWXDWHGLQHDVWHUQ6ORYDNLDDSSUR[LPDWHO\LQWKHKDOIRI
WKHOHQJWKRIVWUHDPFKDQQHORIWKHULYHU+RUQiGDQGLWVPDLQWULEXWDULHV+QLOHF2SiWND%HOiULYHUVIORZLQWRWKH
IUHHPD[LPXPEDFNZDWHU OHYHO RIZDWHU UHVHUYRLU 6LJQLILFDQW QDWXUDO DQG DQWKURSRJHQLF VRXUFHVRI GHSRVLWV DUH
SUHVHQW LQ WKLV DUHD DQG WKH\ PD\ DIIHFW WKH UXQQLQJ VXUIDFH ZDWHU DFFXPXODWHG LQ WKH ZDWHU UHVHUYRLU 5XåtQ
GULQNDEOH ZDWHU DQG WKH VHGLPHQWV RQ WKH ERWWRP 6HYHUDO ROG DEDQGRQHG PLQHV DUH ORFDWHG LQ WKH QHDUE\ DUHD
FDXVLQJ HURVLYHDEUDVLYH SURFHVVHV DQG WKHLU FRPSRQHQWV FRQWDPLQDQWV VXFK DV KHDY\ DQG WR[LF PHWDOV DUH
WUDQVSRUWHGLQWRWKHERWWRPVHGLPHQWVRIWKHZDWHUUHVHUYRLU5XåtQ1R,
0DWHULDODQGPHWKRGV
3.1 Material 
7KHVWXGLHGPDWHULDOZDVERWWRPVHGLPHQW+RUQiGZKLFKZDVFROOHFWHGIURPDPRQLWRULQJVWDWLRQRQWKHZDWHU
UHVHUYRLU WKH5XåtQ1RFRQFUHWHO\ IURPWKH+RUQiGULYHUEUDQFKWKHDPRXQWRIVDPSOHZDVNJ LQVXPPHU
6HGLPHQWZDVSODFHGLQWRWKHJODVVERWWOHE\VDPSOHGHYLFH³0XOWLVDPSOHU´)RUSK\VLFRFKHPLFDOVWXG\WKH
VDPSOHZDVGULHGDWODERUDWRU\WHPSHUDWXUHWKHQTXDUWHUHGDQGVLHYHGLQWRIUDFWLRQVDQGXQGHUȝP
3.2 Methods
7KH;UD\ SRZGHU GLIIUDFWLRQZDV XVHG IRU WKH DQDO\VLV RI WKH VDPSOH EHIRUH DQG DIWHU WKH WKHUPRDQDO\WLFDO
H[SHULPHQWV7KH;53'GDWDZHUHFROOHFWHGRYHUDQDQJXODUUDQJH4ZLWKVWHSVXVLQJD%UXNHU'
$GYDQFHGLIIUDFWRPHWHUZRUNLQJZLWKWKH&XKĮUDGLDWLRQDQGHTXLSSHGZLWKDVHFRQGDU\JUDSKLWHPRQRFKURPDWRU
'LIIUDFWLRQSDWWHUQVZHUHSURFHVVHGZLWKWKH'LIIUDFSOXV%DVLFDQDO\VLVSURJUDPZLWK3')'DWDEDVH
7KH VLPXOWDQHRXV 7*'7$ DSSDUDWXV 67$  ) -XSLWHU WKHUPDO DQDO\VHU ZDV XVHG WR VWXG\ WKH WKHUPDO
EHKDYLRXURIERWWRPVHGLPHQW7KHH[SHULPHQWZDVGRQHDW OLQHDUKHDWLQJ UDWH&PLQZLWKLQ WKH WHPSHUDWXUH
UDQJHIURP&WR&DWDVWHDG\DLUIORZ7KHVDPSOHDPRXQWPJZDVSODFHGLQDQ$O2FUXFLEOH
7KH FRQFHQWUDWLRQV RI KHDY\ PHWDOV LQ VHGLPHQW ZHUH PHDVXUHG WKURXJK WKH XVH RI 63(&752 ;(326 ;UD\
IOXRUHVFHQFH VSHFWURPHWHU UDQJHRI HOHPHQWV1D 87KH VDPSOH IRU;5)PHDVXUHPHQWZDV GULHG DQG
PLOOHGWRJUDLQVL]HDQGXQGHUȝPWKHQJRIDSRZGHUZDVKRPRJHQL]HGZLWKJRI&ODULDQWPLFUR
SRZGHU&DQGWKHQSUHVVHGZLWKWRQVWRSHOOHWZLWKPPGLDPHWHU
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5HVXOWVDQGGLVFXVVLRQ
4.1 Elemental analysis 
7KHSUHVHQWVWXG\DVVHVVHVWKHFXUUHQWVWDWXVRIWKHFRQFHQWUDWLRQRIHLJKWKHDY\PHWDOV$V&G&X&U+J1L
3E =Q LQ WKH ERWWRP VHGLPHQW FROOHFWHG LQ VXPPHU  7KH WRWDO WUDFH PHWDOV FRQWHQW LQ WKH VHGLPHQW ZDV
DQDO\]HGE\;UD\IOXRUHVFHQFHVSHFWURPHWU\7KHTXDOLW\RIVHGLPHQWFROOHFWHGIURPZDWHUUHVHUYRLUWKH5XåtQ1R
, ZDV DSSUHFLDWHG LQ WKH VHQVH RI PHWKRGLFDO LQVWUXFWLRQV  IRU DVVHVVLQJ RI ULVNV IURP FRQWDPLQDWHG
VWUHDPV DQG UHVHUYRLUV 7KH REWDLQHG YDOXHVZHUH FRPSDUHGZLWK WKH WHVWLQJ YDOXHV 79PD[LPXP SHUPLVVLEOH
FRQFHQWUDWLRQV03&DQGLQWHUYHQWLRQYDOXH,9ZKLFKDUHOLVWHGLQ7DEOH:LWKLQWKHIUDPHRIWKHHYDOXDWLRQLW
ZDVIRXQGWKDWWKHFHUWDLQFRQFHQWUDWLRQVH[FHHGHGWKHPD[LPXPSHUPLVVLEOHFRQFHQWUDWLRQVRULQWHUYHQWLRQYDOXH
WKHVHYDOXHVDUHLQWKHWDEOHLQEROG
7DEOH7KHFRQFHQWUDWLRQRIKHDY\PHWDOV>PJNJ@LQWKHLQGLYLGXDOIUDFWLRQVRIWKHVWXG\ULYHUVHGLPHQW
*UDLQVL]H>PP@ &RQFHQWUDWLRQ>PJNJ
@
Cu Zn As Pb Cr Ni Cd Hg 
!        
!        
        
1RUPXVHGIRUFRPSDULVRQ>PJNJ@
79        
03&        
,9        
79WHVWLQJYDOXH03&PD[LPXPSHUPLVVLEOHFRQFHQWUDWLRQV,9LQWHUYHQWLRQYDOXH
4.2 Granulometric analysis 
7RREWDLQ WKH LQIRUPDWLRQ DERXW SDUWLFOH VL]H RI VHGLPHQW WKH VHGLPHQWZDV VWXG\E\JUDLQ VL]H DQDO\VLV7KH
UHVXOWV DUH JUDSKLFDOO\ LQWHUSUHWHGE\ JUDQXODULW\ FXUYHV LQ )LJ  ,Q WKH VDPSOHZHUH GHWHUPLQHG VL[ JUDQXODULW\
FODVVHVIURPWKHFRDUVHVWIUDFWLRQȝPWRWKHILQHVWIUDFWLRQZKLFKLVEHORZȝP7KHVDPSOHFRQWDLQV
VLOWIUDFWLRQDQGVDQGIUDFWLRQ7KHPHDQJUDLQGLDPHWHUGRIWKHVHGLPHQWZDVLQWKHUDQJHȝP
7KHILQHJUDLQHGIUDFWLRQVDUHIRUVHGLPHQWVUHVHDUFKYHU\ LPSRUWDQW IURPWKHSRLQWRIYLHZRI WKHLUKLJKVSHFLILF
VXUIDFHZKLFKKDYHWKHODUJHVWVKDUHRIWKHWR[LFHOHPHQWVVRUSWLRQ

)LJ6HGLPHQWJUDLQVL]HDQDO\VLV
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4.3 Thermal analysis 
7*'7* DQG '7$ FXUYHV RI VHGLPHQW 6(' DUH JLYHQ LQ )LJ  7KH WKHUPDO GHFRPSRVLWLRQ RI VHGLPHQW
SURFHHGVIRXUPDLQVWDJHV%HIRUHWKHVDPSOHVWDUWVWRGHFRPSRVHGWKHGHK\GUDWLRQRFFXUUHGLQWHPSHUDWXUHUDQJH
&ZKDWZDVDFFRPSDQLHGE\ZHLJKWORVVDURXQGDQGE\VWURQJHQGRWHUPLFHIIHFWDW&7KHVHFRQG
DQG WKLUG VWDJHV ZHUH REVHUYHG LQ WHPSHUDWXUH UDQJHV & & EHLQJ DFFRPSDQLHG E\ WZR
H[RWKHUPLF SHDNV ZLWK PD[LPXP DW & DQG & UHVSHFWLYHO\ ,W FRXOG SUREDEO\ FRUUHVSRQG WR
GHK\GUR[\ODWLRQRIFOD\PLQHUDOV$IWHUWKDWWKHGHFRPSRVLWLRQRI&D&2WDNHVSODFHLQWKHWHPSHUDWXUHUDQJHIURP
WR&

)LJ7*'7*DQG'7$FXUYHVRIVHGLPHQW6('
4.4 X-ray powder diffractometry 
7KHPLQHUDORJLFDOFRPSRVLWLRQRIVHGLPHQW6('DQGLWVILQDOSURGXFWRIWKHUPDOGHFRPSRVLWLRQZDVVWXG\E\
;UD\ SRZGHU GLIIUDFWRPHWU\ 7KH VWDUWLQJ VDPSOHV FRQWDLQ WKH UHIOHFWLRQ RI TXDUW] NDROLQLWH DUDJRQLWH
PRQWPRULOORQLWHDOXPLQXPR[LGH7KHPDLQUHIOHFWLRQZDVIRXQGTXDUW];53'SDWWHUQVRIVDPSOHEHIRUHDQGDIWHU
7* PHDVXUHPHQWV DUH VKRZQ LQ )LJ  7KH ;UD\ SRZGHU GLIIUDFWLRQ SDWWHUQ RI WKH ILQDO SURGXFW RI WKHUPDO
GHFRPSRVLWLRQ GLIIHULQJ QRW RQO\ LQ WKH LQWHQVLW\ RI WKH UHIOHFWLRQ EXW LW ZDV IRXQG WKDW WKH UHIOHFWLRQ RI FOD\
PLQHUDOV VXFKDVNDROLQLWH WKHQ UHIOHFWLRQRI FDUERQDWHV VXFKDV DUDJRQLWHZHUHPLVVLQJ7KH UHIOHFWLRQRITXDUW]
DELWGHFUHDVHGDIWHUWKHUPDOGHFRPSRVLWLRQ
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
)LJ;5'SDWWHUQRIVHGLPHQW6('DQGILQDOSURGXFWRIWKHUPDOGHFRPSRVLWLRQ
&RQFOXVLRQV
,WZDVIRXQGWKDWWKHKLJKHVWFRQFHQWUDWLRQRIPHWDOV$V&G&X&U+J1L3E=QRFFXUUHGLQWKHIUDFWLRQ
PP2QO\LQWKHFDVHRI+JWKHFRQFHQWUDWLRQRIWKLVPHWDOZDVWKHKLJKHVWLQIUDFWLRQPP:LWKLQWKHIUDPHRI
WKH HYDOXDWLRQ LW ZDV IRXQG WKDW RQO\ WKH FRQFHQWUDWLRQV RI &X DQG 1L H[FHHGHG WKH PD[LPXP SHUPLVVLEOH
FRQFHQWUDWLRQ RU LQWHUYHQWLRQ YDOXH 7KH UHVXOWV RI ;UD\ SRZGHU GLIIUDFWRPHWU\ ;53' VKRZHG WKDW WKH VWXG\
VHGLPHQWFRQWDLQVWKHUHIOHFWLRQRITXDUW]NDROLQLWHDUDJRQLWHPRQWPRULOORQLWHDOXPLQXPR[LGHDWWKHEHJLQQLQJRI
LWV WKHUPDO GHFRPSRVLWLRQ 7KH PDLQ UHIOHFWLRQ ZDV IRXQG TXDUW] 7KH UHIOHFWLRQ RI TXDUW] DELW GHFUHDVHG DIWHU
WKHUPDOGHFRPSRVLWLRQRIVDPSOHZKDWZDVFRQILUPHGE\;53'7KHWKHUPDODQDO\VLVUHVXOWVVKRZHGWKDWWKHUPDO
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